IN the method of studying esterases elaborated by the author, the active preparations are placed in contact with non-aqueous solutions of the substrates.
5 ml. of the benzene layer were titrated with 01 N alcoholic NaOH using o-cresolphthalein as indicator. The reactions were conducted in a Kohier water thermostat with constant shaking and mostly carried out with two samples. Determinations of acidity were made before the reaction started with 5 ml. of each of the two samples. After some time a second determination was made for one of the samples and some time later one for the second sample.
The following considerations illustrate the mechanism of reactions in systems of the type described. After addition of the benzene solution to the aqueous enzyme preparation the substrates dissolved in the benzene diffuse into the aqueous phase where they enter into reaction under the influence of the enzyme. The resultant products are then partitioned between the aqueous and the non-aqueous phases. With the conclusion of the reaction, two equilibria are established: an equilibrium of reaction in the aqueous phase and an equilibrium of distribution of the substrates and of the products of reaction between the aqueous and the non-aqueous phases. These equilibria may be represented as follows: non-aqueous phase: [acid] [alcohol] [ester] [H20] it The application of organic solvents practically insoluble in water gives much higher yields of esters (often over 95 %) than the use of aqueous systems owing to the fact that the products of reaction are removed from the medium where the reaction proceeds. The reaction of hydrolysis of esters can be investigated by using water-soluble organic solvents with a certain limited content of water (such as acetone, pyridine etc.).
In view of the fact that the volume of non-aqueous phase taken was large in comparison with that of the aqueous phase and that the partition coefficients of the substrates and reaction products were such as to favour greater concentration in the non-aqueous phase, the latter may be regarded as a reservoir of the components of the reaction supplying substrates to the aqueous phase and removing esters from it. The progress of the reaction is conveniently studied in the non-aqueous phase without the necessity of removing enzyme from the system. Preliminary experiments.
The velocity of the reaction rises rapidly with increasing comminution of the pancreas tissue, whilst for prep. B the differences in the size of the grains do not influence the value of v. In shaken systems of preps. A and C, the reaction proceeds about twice as quickly as in unshaken systems. Shaking and the magnitude of interfaces have no influence on the velocity of systems in which prep. D is present.
The results of experiments on the effect of varying the relative amounts of preps. A, B, and C with and without shaking are given in Table I .
The initial velocity of reaction was in all cases found to be proportional to the quantity of prep. B taken whilst in the case of prep. A this proportionality was observed only in systems containing 1 g. and less of preparation. In the case of prep. C, v is proportional to the volume of preparation taken for shaken systems containing 10 ml. of extract but not for unshaken ones.
Finally the effect of varying the amount of prep. D was examined by evaporating 7 ml. of extract C in one flask and 14 ml. in another, to yield films of about 35 sq. cm. in area; 12-5 ml. of 2M BuOH and 0-43M butyric acid in benzene were added to each flask. The values of v found were 7-9 and 19-1 millimols. per litre per hour, respectively (at 37-10), whence it follows that the 610 It must be accepted that all substrates, whether readily or difficultly soluble in water, react in the aqueous phase. It is possible that the aqueous phase contains some substance which enhances the solubility of practically insoluble substrates such as cety] alcohol and oleic acid; it will be shown in a future paper that the presence of bile acids and soap, which form soluble complexes with such substrates, greatly accelerates reaction in systems containing two liquid layers.
The author expressed the opinion in a previous paper [1930] that the reaction between oleic acid and glycerol took place at the phase-boundary, at which a pellicle of esterase formed. This opinion should now be modified: the reaction takes place in the thickness of the pellicle formed.
It has now been found that reversible inactivation commences when the water content in preps. A and D falls below 25 % and is well marked in preparations of the type of A, C and D, dried in a high vacuum at 500 to a water content of 5 %. This supports the view that the reaction takes place in the water of imbibition of the esterase; dehydration beyond a certain point leads to breaks in the continuity of this medium, thereby rendering impossible diffusion of substrates to, and of reaction products from, the enzymic surface. The activity of 2 g. of prep. B in a system consisting of 25 ml. of M BuOH and 0-43 M butyric acid in CC14 at -20°was found to be quite considerable (about 50 % of ester after 24 hours); a second identical system to which water had been added was inactivated in these conditions. The conclusion might be drawn that the water of imbibition remains liquid at -20°, whilst in the second system, containing free water, a layer of ice forms in which diffusion cannot take place. [Sym, 1931; 1933, 1, 2] that in solvents soluble in water such as acetone the value of the velocity coefficient rises continuously with increase in concentration of one or both of the substrates (except in those cases in which increase in concentration of the acid leads to inactivation of the enzyme). In the case of solvents not soluble in water (benzene, CC14) progressive increase in the concentration of alcohols leads to a maximum value of v at a certain concentration, above which the value of v falls; increasing the concentration of acid, on the other hand, leads to a continuous increase in v.
The results (Table III) show that v is roughly doubled by raising the concentration of acid from 0O215 to 0O43M; increasing the concentration to 0O86M does not to any great extent further increase the value of v, whilst concentrations of 1-72M in all cases inactivated the enzyme. The effect of varying the concentration of alcohol is given in Table IV , from which it appears that maximum values of v are obtained for preps. A, B, C and Optimum conditions of determining the esterase activity of various preparations. On the basis of the above experiments, the following standard procedure is recommended for various preparations. The pig pancreas is treated as for prep. A above. 1 g. portions of pulp are added to 25 ml. of 0-5-0 1 M BuOH and 0 43 M butyric acid in benzene, and v is determined after 30 and 60 min.
In the case of other tissues (liver, stomach, intestines), 5 g. of pulp should be taken, the concentration of butyric acid should not exceed 0.1-0.2M, and that of BuOR should be 1I0M in 25 ml. benzene solution. Addition of 0 5 g. of Na acetate is necessary for these tissues. The systems should be very vigorously shaken, and the second titration should be made after 12-24 hours at 370. When preparations of the type of prep. B of pancreas are taken, the systems should consist of 0 5 g. of preparation with 25 ml. of benzene solution as for prep. A. The second titration should be performed after 30-60 min.
Aqueous or 20 % glycerol extracts of prep. B should always contain 10 % of sodium acetate or butyrate. The systems should consist of 5 ml. of extract and 25 ml. of benzene solution as for prep. A. The second titration should be made after 5-6 hours.
Films of the type of prep. D are obtained from 10 ml. of aqueous extract. 12-5 ml. of benzene solution as for prep. A are added, 2-5 ml. being taken for titration; the second titration is performed after 3-4 hours.
When it is desired to compare the activities of preparations of the type B care should be taken that the water content of these preparations is not too low.
Partition of substrates between water and benzene taken in various proportions. The partition of butyric acid and BuOH between benzene and water in presence of different concentrations of alcohols was determined with the object of elucidating the influence of the concentration of the substrate on v. It is realised that the solvent power of water for butyric acid and BuOH in systems containing enzyme preparations may differ from that of pure water, but the difference is probably not great.
The results, given in Table VII , indicate that the concentration of acid in the aqueous phase in all cases falls with increasing concentration of alcohol; Table VII The values for alcohols practically insoluble in water are fairly close to each other, whilst those for lower alcohols are on the whole lower. It would appear from these results that the values of the partition coefficients are independent of the number of C atoms in the alcohol but are in some way related to solubility of the alcohol in water.
The partition coefficients at 18°, determined in systems containing 10 ml. of water and 50 ml. of benzene in which 0-215, 0 43, 0-86, and 1-72M butyric acid and M BuOH were dissolved, were respectively 3X1, 3-1, 3-8 and 4-5 showing that the concentration of acid in the aqueous phase on the whole rises with increasing concentration in benzene. Thus the rise of v with the rise in the concentration of acid is explained.
The concentration of butyric acid in water is lowered by addition of sodium butyrate as was shown by determining the partition coefficient of the acid. It follows that the activating effect of sodium butyrate must be due chiefly to its influence on the acidity of the aqueous phase. Thus the p1 of the aqueous phase of the system, 50 ml. of 0-43 M butyric acid and M BuOH in benzene + 10 ml. of water, was 3-4 as compared with 5 9 when the aqueous phase contained 1 g. of sodium acetate.
The concentration of BuOH in the aqueous phase after the attainment of equilibrium between the benzene and the aqueous phase was determined in the following manner. 50 ml. of a solution of 0-43M butyric acid and of BuOH in various concentrations in benzene were shaken for 15 min. with 10 ml. of water. After 24 hours 4 g. of anhydrous K2CO3 were dissolved in 5 ml. taken from the aqueous layer. This solution was shaken with 10 ml. of i-amyl ether, 5 ml. of the resulting solution were taken and 1 6 g. of CaO added. After 24 hours the content of BuOH in the dried solution of i-amyl ether solution was determined by means of the method of Tschugaeff and Zerewitinoff [Houben-Weyl, 1930] . For the initial concentrations of BuOH in benzene, 0-25, 0-5, 1-0 and 4-0M, the following concentrations of BuOH in water were noted: 0-075, 0-18, 0-29, 0-45 and 0-55M respectively (temperature: 14.50).
On the basis of the above data on the partitions of substrates it is now possible to attempt to solve the problem whether there is some connection between v and the concentration of the substrates in the aqueous phase. From the theoretical point of view the following equation can be expected:
. 50 ml. of water were added to 15 g. of prep. C. After removing the larger particles of tissue from the mixture by centrifuging, 5 ml. of the turbid centrifugate were taken for reaction. Such an aqueous phase containing esterase in the form of suspended particles of prep. B does not need sodium acetate for the maintenance of activity. Table VIII gives the results of these experiments. The values of k obtained indicate that the dependence of v on concentrations of BuOH in the systems studied is primarily influenced by the concentrations of substrates in the aqueous phase.
Application of the method of Tschugaeff and Zerewitinoff to the determination of enzymic esterification. In the method described for the examination of esterase, enzymic esterification can be followed not only by determining the decrease in acidity but also by determining the drop in alcohol concentration. The method of Tschugaeff and Zerewitinoff can be applied for the latter determinations as the following experiment proves. 50 ml. of a benzene solution containing 05M BuOH and 0-5M butyric acid were subjected to esterification by means of 2 g. of prep. B. The temperature of reaction was 37°. The determination of acidity was carried out as above. The determination of the drop in alcohol concentration was effected by adding 2*5 g. of anhydrous K2C03 to 5 ml. of the filtered benzene solution in order to remove the butyric acid. After shaking and centrifuging, 1 ml. was taken from the upper layer of the solution for determination of hydroxyl groups. It was found that after 1 hour the concentration of butyric acid dropped by 84 millimols./lhtre. The drop in the concentration of BuOH during the same time was 98 millimols./litre. After 2 hours, the drop in acid concentration was 195 millimols./litre and that in alcohol concentration 210 millimols./litre. Thus it can be seen that there are certain deviations, but the method described can undoubtedly be further improved.
SUMMARY. 1. A method for the determination of the activity of esterase preparations has been described depending on the addition to the given preparations of solutions in organic solvents of the substrates. The degree of esterification can be determined in the solvent phase on the basis of the drop in acidity and alcohol concentration.
2. The velocity of reaction v rises with increasing concentration of acid, whilst when the concentration of alcohol is raised the velocity of reaction rises to a maximum at molar concentration of alcohol, thereafter falling.
3. This influence of concentrations of butyric acid and BuOR on v has been explained to some extent by the aid of coefficients of partition of substrates of esterification between the benzene and the aqueous phase.
